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1, 3-Oxathiolane Nucleoside Anal 



ocues 



The present invention relates to nucleoside analogues ana -fiei- 
use in medicine. More specifically the invention is concerned wU.J 
i, 3-oxathiolane nucleoside analogues, pharmaceutiai formulations 
thereof and the use thereof in the treatment of viral infection,' 0 " 

The compound of formula (I) 




(I) 



also known as BCH-189 or NGPB-21 has been described as having 
antiviral activity in particular against the human immunodeficiency 
viruses (HIVs), the causative agents of AIDS (5th Anti-Aids 
Conference, Montreal, Canada 5th-9th June 1989: Abstracts T.c.0.1 
and M.C.P. 63; European Patent Application Publication No. 0382S62) . 
The compound of formula (I) is a racemic mixture of the two 
enantiomers of formulae (1-1) and (1-2):- 

NH, 





«- 2 > ~J<J (M) 



HOCg, Q 3 



0 

and was described and tested in the. form of its racemate. The only 
compound currently approved for the treatment of conditions caused 
by HIV is 3' -azido-3' -deoxythymidine (AZT, zidovudine, BW 509U) . 
However, this compound has a significant side-effect liability and 
thus either cannot be employed or, once employed, may have to be 
withdrawn in a significant number cf patients. There is in 



SUBSTITUTE SHEET 



^.-.sequence a . „_.. 

e..sc..v e against HIV but with a ' " s 

--.-.erapeutic index. X Se "«- 

Me have now found :5sc , s a -- - < s < -» < „ 

compound o; formula r-i , °- : " s 

oraula (.) are equipoter.t against hiv but -K 4r 

«»»•-» (.he(-)..n« ati0 m.r) has cor.s ide -ab ' v • 

cytotoxic^ ea , n : , e och „ enantiamer , °" 

- - = 8 „po Und o, eoB . ul . (I) lnd p hi _c eu j; ; 

derivatives thereof. a «eptaoi e 
(-, enantiomer has the chemical name ( -) - cis _ 4 . . 
y- .,o oxathioian-.-vl) - ( i H ) - pyrinidin ? 
(hereinafter comoound (A). -k 4 " 2 " one 

ampound (A)). lt nd3 ea . absolute »tereochemist -v of 
--ne compound of formula <--n ■ J ^-. • or 

-<2-hydr=x Vn> ethy i - 1 ,3-oxath i o i an-5-y 1) -aK ) -p yriai di„- 2 -o ne 

' t,Mi,b,y C ° mPOUnS A 11 substantially f r ,e o£ -, 6 

corresponding -enantiomer. chat jay ^ _ ^ 

oe the e „ a „ tioraer , preferaoly no moee than 4bout 

particular less than about n w/w i3 present. ' 

By "a pharmaceutical^ acceptable derivative- „. 
P^ceuticall y acceptable salt, ester, or salt of su^h " "I 
co^ound (A) oc any other compound which. upon administration co'- 
-iPient. is capable of providing .directly or indirectly, compound 
=- an antivxrally active metabolite or residue thereof 

It -HI be appreciated by those skilled in the «. t , at 
-Pound (A) may be modi;iBd „ ? „ vide " 

derivatives thereof, at functional groups in bot* the base moiet! 
and at the hyd^thvl group of the oxathiolane : a „ Edification 
all such functional groups are included within tn. scoe of the 
invention. Howeve- a' i " 

eve. o. par.icuiar interest are pharmaceutical^ 

acceptable derivatives cocamed by modification o' the «' 
hydroxymethyl group of the oxac.-.i olane ring. 

Preferred ester, of compound ,A, include the compounds in wh'ch 
t «. hydrogen of the 2-hyd.-oxv.ecnv! group is replaced by an acyi 
O 

function R-i'- i„ Hnie , tfte non . ca „ onyl moiety R oe ^ ^ ^ 
Elected from hydrogen, st.-aignt or branched chain alxyi 
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-tnyi, ethyl, -propyl c . bueyl . »- b ut y i,. aikoxyaikyl (e , 
*ethoxymetnyi,, araikyi (e.g. oenzyl), a ry 1 o xy a 1 k y 1 (e 
phenoxvmethyi), aryi (e.g. phenyl optionally substituted by halogen, 
C x _ 4 aikyl or aikoxy); suiphcnate esters such as aiky<- 

aralkvlaulphonyl (e.g. methanesuiphonyl) .- amino acid esters (e.g. L - 
valyl or L-isoleucvi) and mono-, di- or t ri-phospnate esters. 

With regard to the above described esters, unless otherwise 
specified, any aikyl moiety present advantageously contains 1 to 16 
carbon atoms, particularly X to 4 carbon atoms. Any aryi mo iety 
present in such esters advantageously comprises a phenyl group. 

in particular the esters may be a C w6 alkyl ester, an 
unsubstituted benzyl ester or a benzyl ester substituted by at least 
one halogen (bromine, chlorine, fluorine or iodine), C.^alkyl, 
C : . 6 alkoxy, nitro or trif luoromethyi groups. 

Pharmaceutical acceptable salts of the compound (A) include 
those derived from pharmaceutical^ acceptable inorganic and organic 
acids and bases. Examples of suitable acids include hydrochloric, 
hydrobromic, sulphuric, nitric, perchloric, fumaric, maleic] 
Phosphoric, glycollic, lactic, salicylic, succinic, toluene-p- 
sulphonic, tartaric, acetic, citric, methanesulphonic, formic, 
benzoic, malonic, naphthalene-2-sulphonic and benzenesulphonic 
acids. Other acids such as oxalic, while not in themselves 
pharmaceutical^ acceptable, may be useful as intermediates in 
obtaining the compounds of the invention and their pharmaceutical^ 
acceptable acid addition salts. 

Salts derived from appropriate bases include alkali metal (e.g. 
sodium), alkaline earth metal (e.g. magnesium), ammonium and NR 4 + 
(where R is C^alkyl) salts. 

References hereinafter to a compound according to the invention 
include both the compound (A) and its pharmaceutical^ acceptable 
derivatives. 

The compounds of the invention either themselves possess 
antiviral activity and/or are metabolizable to such compounds. In 
particular these compounds are effective in inhibiting the 
replication of retroviruses, including human retroviruses such as 
human immunodeficiency viruses (HIV s ) , the causative agents o: 
AIDS. 
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Th9 -"' iS IhUS 5r3v " e = « * «P«« of th. invent- - n 

-mpounc «A, =.- a ph.^c.u-.is.iiy acceptaoie derivative ta ,.. 0 , 7 

for example ia ... .__-.«„.„._ 3f ... s „ vlfitl inSBC . i0M _ " 
^ * fu.--.ner or alternative aspect ;, eie providM , 

- = r the treatment oi . vi „, iaS , ssi0R , in ?4c , 1:ular „ We _ on 
-used by a retrovirus such as „ v# . 

comprising administration of an effective amount of como ound (AI 0 . 
4 pharmaceutially acceptable derivative thereof. 

There is also ■ provided in a further or alternative a soe =t ,se 
a: compound ,A, or a pharmaceutical!;, acceptable derivative" the-eo- 
for the manufacture of a medicament for the treatment of . vLri [ 
infection. 

The compounds of the invention are also useful in the treatment 
= f AIDS related conditions such as AIDS-related complex ,ARC, . 
progressive generalised lymphadencpathy (PGL) , AIDS-related 
neurological conditions „u=h as dementia or tropical paraparesis,. 
anti-HIv antibody positive and HIV- positive conditions. Kaposi's 
sarcoma, thrombocytopenia purpurea and associated opportunistic 
infections for example Pneumocystis carinii. 

The compounds of the invention are also useful in the 
prevention of progression to clinical illness of individuals „„„ are 
anti-HIV antibody or HIV-antigen positive and in prophylaxis 
roliowing exposure to HIV. 

The compound (A) or pharmaceutical acceptable derivatives 
.hereof may also be used for the prevention of viral contamination 
or physiological fluids such as blood or semen in vitro . 

It will be appreciated by those skilled in the art that 
reference herein to treatment extends to prophylaxis as well as the 
treatment of established infections or symptoms. 

It will be further appreciated that the amount of a compound or 
the invention required for use in treatment will vary not only with 
the particular compound selected but also with the route of 
administration, the nature of the condition being treated and the 
age and condition of the patient and will be ultimately at the 
discretion of the attendant physician or veterinarian. : n general 
however a suitable dose will be in the range of from about 0 . i to 
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aoouc 750mg/kg e£ bodyweight per day preferaoly ,n the - arge 

SO mg/kg/day, MSt preferably in sh . Iange of . , „ 20^;^^" 

>h« desirea dose may conveniently be presented in a s<rg. e ^ os 
or as divided doses administered at appropriate intervals . a ! 
example as two. three, four or more sub-doses per day. 

The compound is conveniently aoministered i.-. unit dosaoe 
for example containing 10 to 1500mg, conveniently 20 to lOOOmg. J« 
conveniently 50 to 700mg or active ingredient per unit dosage form 

Ideally the active ingredient should be administered to a=-eve 
pea* plasma concentrations of the active compound of from about • .0 
aoout 75 m , preferably about 2 to 50 mm. most preferablv about ' - 0 
about 30^. This may be achieved, for example, by the intravenous 
injection of a 0.1 to S» solution of the active ingredient 
optionally in saline, or orally administered as a bolu, containing 
about 1 to about 100m, of the active ingredient. Desirable blood 
levels may be maintained by a continuous infusion to provide about 
0.01 to about 5.0 mg/xg/hour or by intermittent infusion, containing 
about 0.4 to about 15 mg/kg of the active ingredient. 

While it is possible that, for use in therapy, a compound of 
the invention may be administered as the raw chemical it is 
preferable Co present the active ingredient as a pharmaceutical 
formulation . 

The invention thus further provides a pharmaceutical 
formulation comprising compound (A) or a pharmaceutical^ acceptable 
derivative thereof together with one or more pharmaceutical^ 
acceptable carriers therefor and, optionally, other therapeutic 
and/or prophylactic ingredients. The carriers, m „ e oe 
'acceptable' in the sense of being compatible with the other 
ingredients of the formulation and not deleterious to the recipient 
thereof . 

Pharmaceutical formulations include those suitable for oral, 
rectal, nasal, topical (including buccal and sub- lingual ) , vaginal 
or parenteral (including intramuscular, sub-cutaneous and 
intravenous) administration or in a form suitable for administration 
by inhalation or insufflation. The formulations may, where 
appropriate, be conveniently presented in discrete dosage units and 
may be prepared by any of the methods well known in the art of 
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pharmacy. Ail methods include tne seep cf -ringing into association 
the active compound with liquid carriers or finely divided solid 
carriers or both and then, if necessary, shaping the product -n C o 
the desired formulation. 

Pharmaceutical formulations suitable tor oral adminis t rat ' on 
may conveniently be presented as discrete units such as capsules 
cachets or tablets each containing a predetermined amount of the 
active ingredient; as a powder or granules; as a solution, a 
suspension or as an emulsion. The active ingredient may also be 
presented as a bolus, electuary or paste. Tablets and capsules for 
oral administration may contain conventional excipiencs such as 
binding agents, fillers, lubricants, dis integrant s , or wetting 
agents. The tablets may be coated according to methods wen known 
in the art. Oral liquid preparations may be in the form of, for 
example, aqueous or oily suspensions, solutions, emulsions, syrups 
or elixirs, or may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending 
agents, emulsifying agents, non-aqueous vehicles (which may include 
edible oils), or preservatives. 

The compounds according to the invention may also be formulated 
for parenteral administration (e.g. by injection, for example bolus 
injection or continuous infusion) and may be presented in unit dose 
form in ampoules, pre-filled syringes, small volume infusion or in 
multi-dose containers with an added preservative. The compositions 
may take such forms as suspensions, solutions, or emulsions in oily 
or aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilising and/or dispersing agents. Alternatively, 
the active ingredient may be in powder form, obtained by aseptic 
isolation of sterile solid or by lyophilisation from solution, for 
constitution with a suitable vehicle, e.g. sterile, pyrogen-free 
water, before use. 

For topical administration to the epidermis the compounds 
according to the invention may be formulated as ointments, creams or 
lotions, or as a transdermal patch. Ointments and creams may, for 
example, be formulated with an aqueous or oily base with the 
addition of suitable thickening and/or gelling agents. Lotions may 
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oe fsrsuiaced w;;, an aqueous or oiiv base 

" k -/ case ana will ; n _ 

contain one „ aor . . aill . liylB , agents , 3tsbli - n si 9 ; n - i ^ 
*-persin= agents. SUSDending ...... "* la9 

"louring agents. ? «9«nts, or 

Formulation, suitable -or topical a<toia , 8e . ati . 

iRCiUd ' ~-—g .cciv. ing rMie ,: ^ a ' la " 6 *° ueh 

usuailv suc-ose a-d „. • -loured s 

. suc-ose and acacia or tragacanth; past "lea 
active i.-.gredient ■•„ ,„ P*«--les composing the 

5-edient .n an inert base such as ge iatin and „> 
sucrose and acae'a- and n nu -h glycerin or 

«... and nouthwasnes comprising the active ; n0 r»H- 
in a suitable liquid carrier. -n<J«dient 

Pha^ceutical reflations suitable ,or rectal a**inist-atio 
C. carrier is a solid are most pre.erably presente s 
dose suppositories. Suitable car- » " un " 

o-r materials co^nlv Td V e " a ^ - 

- conveniently £ ormed bv ad.,i u a * he es may 

— ~ -ted carrier,, tZ^'^ZT™ ^ 
moulds. cnming and shaping in 

preseI°tr iati0nS 3Ui " bl6 V "' inal -V b. 

presented as oessiriat 

pessaries, tampons, creams, gei 3 , Daste . - 
Tr staining in addition to the active L^^ ZZ 
as are known in the art to be appropriate. 

For intra-nasal administration the compounds , £ the invention 

Orops may oa formulated with an agueous or non-.gueou, base 
l,o comprising one more more dispersing agents, solubilising g 

;: e s\~ir- — - — — - 

For administration by inhalation the compounds according to the 
.nvent.cn are convenientlv delivered from an insulator. 1 i 
« * Pressurised P ac* or other convenient means o£ delivering an 

u = h as d.chlorod.rluoromethane. t richloro, luoromethane, 
Clorotetranuoroethane. carbon dioxide or other suitable gas. :„ 

he case or a pressurised aerosol the dosage unit may be determined 
by providing a valve to deliver a metered amount. 
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Alternatively, ; . . a da . i . . _ 

injuf«'.,,„ n - t "° =y -""Nation 0 . 
at. on, the conmounds accsrdino -u 

ion Q * „ * ' ~ - nventio " »ay take 

o. a * ry powder exposition. fsr exampie a oow ^ - 

-Pound an, a ,u it . bl . p0Md . s t ase such M ^ ^ 

p»-, eoBpo , ieisll a4y , e pr . s . nt . d ia unit dosaae - 

example. cap Sul „ or cai:riiges „ e g ^ " -J" - 

-hie, t,e powder be administered uith 

inhaiator or insufflator. ° an 

When desired the above desc-h.n « 

e aesc.oed formulations adaoted -r> „< 
sustained relea«e o« -ho ■ "aptec _ 0 g ive 

lea-e o. .he active ingredient may be employed 

Th. Pharmaceutical expositions according to the invention mav 

•1.0 co»c.„ other active ingredients such as antimicrobial agen 

or preservatives, agents, 

■ic* T o h t e hIHr S " inVenti0 " My ai3 ° te U3Cd * 

agents other antiinf eotive 

I e t e- " e COmP ° UndS " " e inVe " i0 " - d 

-ogether with known antiviral agents. 

The invention thus provides, in a further aspect, a cognation 

P£lJln9 " nP8Und <*> « • Polemically acceptable 

Privative thereof together with another therapeutically active 
agent. ln particular an antiviral agent. 

The combinations ^eferpaH ». -w 

-eferred to above may conveniently be 

Presented for use in the for. of a pharmaceutical formulation and 
thus pharmaceutical formulations comprising a combination a, defined 
above together with a pharmaceutical^ acceptable carrier therefor 
comprise a further aspect of the invention. 

Suitable therapeutic agents for use in such combinations 
-elude acyclic nucleosides such as acyclovir or ganciclovir 
interferon, such as B 0 r ,-interferon, renal excretion inhibitors 
-uch a, probenecid, nucleoside transport inhibitors such as 
dipyridamole, 2 < , 3 ' -dideoxynucieos ides such as AZT, 2< 3 .. 
dideoxycytidine. 2< , 3' -dideoxyadenosine, 2- , j. -dideoxvinos'ine. 
2'.3'-dideoxythymidine, 2- . 3< -dideoxy-2' , 3' -didehydrothvmidine and 
2'.3-did.o«y. 2 ..3'. didehydroevtidine. immunomodulators such as 
interleuxin „ CIL2 , and g ranuiocyce colony 

factor ( GM-CSF>. erythroooetin. ampligen, thymomodulin, thymopentin. 
foscarnet, ribavirin and inhibitors of HIV binding to CO 4 receptors 
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= . soluble C34, c=4 fragments. -=< hvorid „,,„,„ „, 
deoxynojinmycin. 



-he individual components of sue;-, combinations „» 

. ith , r « 9uencially or siauit4aeottaly in :: 

ccmcmec pharmaceutical formulations. 

Wn.n the compound <A, or a pna rmaceut icaliy acceptable 

Mri, " tlVe "- here ° f iS US6d 10 =°^«ion -its a second theraoeut<= 
aaen, active against the same virus che dose of elch _ ^ 

" e Sa " e " 01 diif « the compound ia used 

a. one. Appropriate doses w< " be -a,*.-. 

Se rsa< iiiy appreciated bv tlose 
skilled in the art. ' 

The compound ( A, and its ph a rma c e ut ic a 1 1 y acceotable 
derivatives may oe prepared bv any method known in the art -or the 
Preparation of compounds of analogous structure, for example as 
described in European Patent Application Publication No. 0382562 

It will be appreciated by those skilled in the art that for 
certa.n of the method, described herein below the desired 
stereochemistry of the compound <A, may be obtained either by 
commencing with an optically pure starting material or by resolving 
the racemic mixture at any convenient stage in the synthesis m 
t»e case of all the processes the optically pure desired product may 
be obtained by resolution of the end product of each reaction 

In one such process (A) a 1, 3-oxathiolane of formula (Vin, 

\ r L (vhd 
s 

-herein the anomeric group L is a displaceable group, is reacted 
with an appropriate base. Suitable groups L include -OR where R is 
an alkyl group, e.g. a C^alxyl group such as methyl or R is an 
•ey.l group, e.g. a C^alkyl group such a, acetyl or halogen, for 
example iodine, bromine or chlorine. 

The compound of formula VIII is conveniently reacted with 
cytosine or an appropriate pyrimidine base precursor thereof 
(previously silylated with a silylatin, agent such as 
hexamethyldisilazane, i„ a compatible solvent such as methylene 
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impound such as SaCl,, or cr^chyisiiyltrifiate . 

i.3-oxa-..,icianes cf formula (v::: , My be 

• °y of ar. aldehyde o: ; otauia ,v:i, wiph 

mereaptoacetal of »a-,,i. „,-, • n a 

'° CTUia (Vi) ia 3 «»P«ibl. o= ? .nic solves, Suc . 

ac^d such as 2iac chloride. 5 

HSCH 2 CH(OC 2 H 5 ) 2 (VI) 

C 6 H 5 C0 2 CH : CHO (VII) 

Th. .ercapcoacetals of formula «vi, „a y be prepaced by 

knOV " " «■ ««« and I. aorder. Chem. ee- 3S 

924-932 (19S2). — — ' 

The aldehydes o £ formula ,vn, may be prepared b y methods fcnown 
" " f " " aBPle E ' G " «allo q uist and H. Hibberc . Can , 

Research, e. (ll ,„. convenient the crude aldehyde 

«T bS Purified by conversion to the crystalline bisulphite addition 
adduct and subsequent reconversion to the free aldehyde. 

in a second process ,B, the compound (A) is obtained by base 
interconversion of a compound of formula (IX) 



(DO 



where B is a base convertible to cytosine. Such interconversion may 
be effected either by simple chemical transformation «... tne 
conversion of uracil base to cytosine, or by an en*ymati= conversion 
a deoxyribosyl transferase. Such methods and conditions for 
base interconversion are well fcnown in the art of nucleoside 
chemistry. 

In a third process (C) a compound of formula <xi) 

R,0- 

'°Y_NH 2 (XI) 
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~y =« c Snv . E . a<i C3!a =oun= (A1 b canve . 3ioB . 

n» 2 S-=up to en. cy C „ ine base by raechod3 w . u k 

nucleoside chemistry art. ** 

Many of ,, e :e iC :ion 5 described hereinabove have 
extensively reporcea Ihe ef ^^^^ 8m ^ ai 

iH^Uca^. a . Halker £ .. eds _ plenun ^ n ^ 

< 1 3 7 9 ' " ^ i55 " 192; T - aeda in Chemistry 0 £ Nucleosides and 

Nucleotides. Vol L 3 Townsend ed. . Plenum Press, New rork 

« pages U5-192 the disclosures of which are incorporated bv 

rererence herein. 

It win be appreciated that the above reactions may require the 
use or, or conveniently may be applied to, starting materials havino 
protected functional croups, and deprotection might thus be recu< ^ 
as an intermediate or final step to yield the desired comoound 
Protection and deprotection of functional groups may be effected 
using conventional means. Thus, for example, amino groups may be 
protected by a group selected from aralkyl (e.g. benzyl,, acyl , aryl 
(e.g. 2,4-dinitrophenyi) or silyl; subsequent removal of the 
protecting group being effected when desired by hydrolysis or 
hydrogenolysis as appropriate using standard conditions. Hydroxyl 
groups may be protected using any conventional hydroxyl protecting 
group, for example, as described in ' Protective Groups in Organic 
Chemistry', Sd . J. r. „. MC 0mie (Plenum Press, 1973) or 'Protective 
Groups in Organic Synthesis' by Theodora W. Greene (John Wiley and 
Sons, 1981). Examples of suitable hydroxyl protecting groups 
include groups selected from alkyl (e .g. methyl, t-butyl or 
methoxymethyl), aralkyl (e.g. benzyl, dipheny Imethy 1 or 
triphenylaechyl), heterocyclic groups such as tetrahydropyranyl, 
acyl (e.g. acetyl or benzoyl) and silyl groups such as trialkylsilyl 
(e.g. c-butyldimethylsilyl) . The hydroxyl protecting groups may be 
removed by conventional techniques. Thus, for example, alkyl, 
silyl, acyl and heterocyclic groups may be removed by solvoiysis, 
e.g. by hydrolysis under acidic or basic conditions. Aralkyl groups 
such as triphenylmethyl may similarly be removed by solvoiysis, e.g. 
by hydrolysis under acidic conditions. Aralkyl groups such as 
benzyl may be cleaved for example by treatment with BF 3 /etherate and 
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ace,,, .any*.--*, fcilowed by removal :i acesa ._ e , csups „ ; = ^ Q ^ 
» *PP-P = i.c. in th. .y,. M81 , 3ilyl groupj may ~ 

conveniently be removed us in? a ,eur:. of fiuor.de i on , S ' UCR „ 
tetra-n-butylajnmoniun fluoride. 

*» --he above processes ,cnp=u,= (A, is generally ob:ainea as ^ 

° : the sia ™ a iasa ««« s :,e ci, isoaer ls . he 

compound of interest. 

These isomers may be separated by physical means - g 
c.-.romatograpny on sxiica gel or by fractional c ry sta 11 isat ■ on 
•" a,S Si " CSiy " ° n 3 3ui " Sie aerivacives hereof, eg acetates 
(prepared for example „ leh acetic anhydride, followed, a- e - 

SePa " C10r " by bac* so .he parenc product ,eg bv 

deacetyiatisn with methanolic ammonia) . 

Pharmaceutical^ acceptable salts of the compounds o: the 
invention may be prepared as described in US Patent No. 4,383.114 
.he disclosure of which is incorporated by reference herein. Thus! 
for example, when it is desired to prepare an acid addition salt of 
compound (A, the product of any of the above procedures mav be 
converted into a salt by treatment of the resulting free base with a 
suitable acid using conventional methods. Pharmaceutical^ 
acceptable acid addition salts may be prepared by reacting the free 
base with an appropriate acid optionally in the presence of a 
suitable solvent such as an ester (e.g. ethyl acetate) or an alcohol 
(e.g. methanol, ethanol or isopropanoi) . Inorganic basic salts may 
be prepared by reacting the parent compound with a suitable base 
such as an alkoxide (e.g. sodium methoxide) optionally in the 
presence of a solvent such as an alcohol (e.g. methanol). 
Pharmaceutical^ acceptable salts may also be prepared from other 
salts, including other pharmaceutical^ acceptable salts, of the 
compound (A) using conventional methods. 

Compound (A) may be converted into a pharmaceutical^ 
acceptable phosphate or other^ ester by reaction with a 
phosphorylating agent, such as POClj. or a suitable esterifying 
agent, such as an acid halide or anhydride, as appropriate. An 
ester or salt of compound (A) may be converted to the parent 
compound for example by hydrolysis. 
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' °- au -"'en»e<l;ate or startin 



material :nere:o: may be effected by any suitable method known i n 
tne art : see for example ' S tereccnemis t ry of Carbon Compounds' by 
2. ~. Eiiei (McGraw Kill, 1962) anc 'Tables of Resolving Agents' by 
S. H. Wilen. 

Thus for example the compound (A) may obtained by chirai HP'c 
using a suitable stationary phase for example acetyiated a- 
cycioaextrm or cellulose triacetate and a suitable solvent for 
example an alcohol such as ethanoi or an aqueous solution of for 
example triethyi ammonium acetate. Alternatively the compounds may 
be resolved by enzyme mediated enant ioseiect ive catabolism with a 
suitable enzyme such as cyridine deaminase or selective 
enzymatic degradation of a suitable derivative Using a 5'- 
nucieotidase. when resolution is effected enzymaticaliy the enzyme 
may be employed either in solution or, more conveniently, in 
immobilised form. Enzymes may be immobilised by any method known in 
the art, for example by adsorption onto a resin such as Eupergit C. 

The invention will be further described by the following 
examples which are not intended to limit the invention in any way. 
All temperatures are in degrees Celcius. 

INTERMEDIATE 1 

5-Methox v-l, 3-oxathiolane-2-methanol, benzoate. 

A solution of zinc chloride C.6g) in hot methanol (15mi) was 
added to a stirred solution of mercaptoacetaldehyde, dimethyl acetal 
(34. 2g) and benzoyloxy acetaldehyde (48. 3g) in toluene (1300ml) 
which was then heated to reflux under nitrogen for 50 min. The 
cooled mixture was concentrated, diluted with some toluene, then 
filtered through Kiesulguhr. The combined filtrates and toluene 
were washed with aqueous saturated sodium bicarbonate solution (x2) 
and brine, dried <MgS0 4 ) then evaporated to an oil which was 
subjected to column chromatography on silica (2kg, Merck 938S ) 
eluted with chloroform to give the title product as an oil (45. lg) a 
mixture of anomers (ca 1:1); 1H NMR (DMSO-dg) 3.1-3.3MH), 3.42(6H), 
4.4-4.6 (4H), 5.41UH), 5.46 (1H), 5.54 (1H), 5.63 (1H) , 7.46 (4H), 
7.58 (2H), 3.07 (4H>;7max (CHBr 3 > 17 17 . 6cm - 1 . 
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A mixture of finely ground uracil (9 . 52?) hexamethvt 

(50 mi) and ammonium sulphate (30 mc) was heated at - P *i 

nitrogen until a clear solution was attained. This was 

i was „oolec and 

then evaporated to a colourless oil, which was dissolved, under 
nitrogen atmosphere, in acetonitriie (lOQmi). The solution was 
added to a stirred ice cooled solution of 5-methoxy-i, 3-oxathiolane- 
2-methanoi, benzoate {intermediate 1} (19.43g), in acetonitriie 
(600ml) and trimethyi siiyl trif luoromethanesuiphonate (14. 7ml, „ as 
acded. The ice bath was removed, and the solution was heated at 
reflux under nitrogen for 45 mins . After cooling and evaporation, 
the residue was purified by column chromatography over 1kg of silica 
gel (Merck 9385) eiuting with chiorof orm/ methanol 9:1. Appropriate 
fractions were cooled and evaporated to afford a crude residue. 
This was fractionally crystallized from the minimum of hot methanol 
(c. 1200ml) to afford the title compound (6.32g) as white crystals. 
1H *MR( d^MSO) 6 11.36 ClH,bs). 7.50-8.00 (6H,m>, 6.20 (lH,t), 5.46 
<2H,m), 4,62 (2H, m) , 3.48 (1H, m) , 3.25 (1H, m) . 

INTERMEDIATE 1 

(*> -(cis>-4-Amino-l-(2-benzovloxvmethvl - l, 3-oxathiol an -5-vn - m ^ - 

ovri.T.idin-2-one 

Method (a) 

A suspension of cytosine (20.705g) and ammonium sulphate (few 
mgs) in hexamechy ldis ilazane (110ml) was' stirred and heated at 
reflux for 2V*h, under nitrogen. Solvent was removed by 
evaporation, and the residual solid was dissolved in dry 
acetonitriie (350ml) . This solution was transferred using flexible 
needle techniques into a stirred, ice-chilled solution of 5-methoxy- 
1, 3-oxachiolane-2-methanoi, benzoate (Intermediate I) (43.57g) in 
acetonitriie (6 5 0 mi) under nitrogen. Trimethyls iiyi 
^rif luoromethanesuiphonate (33ml) was added, the solution was 
allowed to warm to ambient temperature (W*h) then heated to reflux 
for an overnignt period. The residue mixture was concentrated, 
diluted with saturated aqueous sodium bicarbonate solution (500ml), 
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tner. extracted wi::. etnyi acetiace (2x50Cmi). The. combined extracts 
were washec wi:r. water (2x250mi) ar.d brine (250ml) cried (MgS0 4 ) 
cher. evaporated to a fsaa wh;;r, was subjected to column 
chromatography on silica (600c, me rex 7734) , e luted with ethyl 
ace t a te -me tnano 1 fixtures to give a fixture of anomers <ca l : ; 
21. 59c). The mixture was crystallised, from water (45mi) and ethanol 
(9.0mi) :o give a solid (10.23g) which was recrys tailised from 
ethanol (120ml) and water (30ml) to give the title product as a 
white solid (9.26g);Xmax (MeOH) 229.4mm (E 1 * 610); 272.4mm 

lcm ic^ 
293); : H MMR (DMSO d6) 5 3 . 14 (1H), 2.50 (1H), 4.07 (2H) , 5.52 (1H), 
5.56 (IK), 6.28 (In), 7.22 (2H) , 7.55 (2H) , ".72 (2H) , 8.10 (2H) . 



Method (b) 

Phosphorus oxychioride (7.0ml) was added dropwise to a stirred 
, ice-cooled suspension of 1, 2, 4-triazole (11.65g) in acetonitrile 
(120ml) then, keeping the internal temperature below I5°C, 
triethylamine (22.7ml) was added dropwise. After 10 min a solution 
of ( * ) -c is -1- ( 2 -benzoyioxymethyl- 1 , 3 -oxathiolan-5 -yl ) - ( 1H) - 
py r imidin-2 , 4 -dione (Intermediate 2) (6.27g) in acetonitrile 
(330ml) was slowly added. Stirring was then continued at room 
temperature overnight. The mixture was cooled by means of an ice 
bath and triethylamine (30ml) was slowly added followed by water 
(21ml) . The resultant solution was evaporated, and the residue was 
partitioned between saturated sodium bicarbonate solution (400ml) 
and chloroform (3x200ml) . The combined chloroform extracts were 
dried and magnesium sulphate, filtered and evaporated to give a 
crude residue (9.7g). The residue was dissolved in 1,4-dioxan 
(240ml) and concentrated aqueous ammonia solution (s.g 0.880, 50ml) 
was added. After l'-/:h the. solution was evaporated and the residue 
dissolved in methanol. This caused precipitation of a solid, which 
was filtered off. The mother liquors were purified by column 
chromatography over silica gel (Merck 9385, 600g) . Appropriate 
fractions were pooled and evaporated to give the title compound as a 
fawn solid (2.18g>, identical to that obtained by Method (a). 



Example 1 
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ovrimidin-2-one 

A suspension cf (c is ) -4 -amino- 1 - { 2 -benzoy loxyme t .v/i - 1 , 3 - 
oxathiolan-5-yl) - ( 1H) -?yrimidir.-2 -one (Intermediate 3) (3.i9gj aac t 
Amberiite IRA-400 (OH) resin (9.24g) ir. methanol (250ml) was stirred 
and heated to reflux for i : /«h. Solids were removed bv filtration 
then washed with methanol. The combined filtrates were evaporated. 
The residue was triturated with ethyl acetate (80ml) . The resulting 
white solid was collected by filtration to give the title product 
(5.09g), 1H NMR (DMSO-dg) 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 
(IK), 5.29 <1H) , 5.73 UH) , 6.21 (1H), 7.19 (2H> , 7,81 (1H). 



Sxamole 2: Chiral HPLC separation of the enantiomers of U) - <cis) -d- 
Amir.o-l- <2-hvdroxvmethvl-l, 3-oxathiolan-5-vl) - (1H) -ovrimidin-2-one . 
(A) The racemic product of Example 1 (25mg> was subjected to 
preparative HPZ.C under the following conditions: 

Column: Merck Hibar cellulose triacetate, 2S0 x 10mm, 10^t 

Eluant: ethanol; 

Flow: 3ml /min; 

Detection: uv, 270nm; 

Temperature: ambient. 



Evaporation of the appropriate pooled fractions gave (2R,cis)- 
4-amino-i- (2-hydroxymethyl-l, 3-oxathiolan-5-yl) - UH) - 
?yrimidin-2-one (6.8rag, e.e. ca 100%) and <2S, cis) -4-amino-l- (2- 
hydroxymethyl-1, 3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one {3 .6mg, e.e. 
ca 90%) . 



(B> The racemic product of Example 1 (26mg) was subjected to 
preparative HPLC under the following conditions: 

Column: ASTEC cyclobond I acetyl, 250x4. 6mm; 

Eluant: 0.2% triethylammonium acetate (prepared by adding 

glacial acetic acid to 0.2% triethylamine in water, to a final pH 
7.2) ; 

Flow: 2ml/min; 
Detection: uv, 300nm; 
Temperature: ambient. 
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Evaporation of appropriate ::ac:;;ns gave crude <2R,c-«)-4- 
amino-i- ( 2 -hydroxymetr.yi - 1 , 3-oxathiciar.-5-y I) - (1HJ - 

?yrimidin-2-one (25mg) and crude <2S, cis ) -4 -amino- i- <2-hydroxymethyl 
-i, 3-oxathiolan-5-yi) - { 1H) -pyrimidir.-2-one (IJtng). These fractions 
were separately subjected tc further preparative H?LC rur. under the 
following conditions: 



Coluinn : ASTEC cyclcbor.d I acetyi, 250x4. 6mm 

Eiuent : 15mM ammonium acetate,, pH 6.3; 

"low: 0.5ml/min 

Detection: uv, 3C0nm: 

Temoerature: 5'^. 



Evaporation of the appropriate pooied fractions gave (2R, Cis)- 
4 -amino- I - ( 2-hydroxymethyl-l, 3-oxathioian-5-yl) - 

( 1H) -pyrimidin-2-one (S.Gmg, e.e ca . 91%) and ( 2S , cis ) -4-amino-l- 
( 2-hydroxymethyl-l, 3-oxachiolan-5-yl) - (1H) -pyrimidin-2-one (7 . 6mg, 
e.e . ca 96%) . 



Example 3 

(-) -cis -4 -Amino- 1- (2-hvdroxvmethvl-l , 3-oxathiolan-5-vl) - ( 1H) - 
Dvri:nidin-2-one 

( i) t -) -cis -4 -Ajru.no- 1- (2-hvdroxvmethv'i-l , 3-oxathiolan-5— /I) - f 1H) - 
pvrinidinone, dinvdroaenohosohate, ammonium salt 

A cold (0°), stirred suspension of (+) -cis-4-amino-l- (2- 
hydroxymethyl-1, 3-oxathiolan-5-yl) - (1H) -pyrimidin-2-one (1 . OOg) 
(Example 1) in dry c rimethylphosphate (20ml) was treated with 
phosphorous oxychloride (2.44ml), and the mixture was stirred at 
0°for 35 mins then quenched in ice water (60g). The cold mixture 
was adjusted to pH 2.5 by the addition of aqueous N-sodium 
hydroxide, then applied to a charcoal column (10g # DARCO) , which was 
eluted with water, then et hanol-acueous ammonia. Fractions 
containing crude monophosphate were combined and concentrated. The 
resulting solution was applied to a column containing 25g of DEAE 
Sephadex A-25 (HCO^- form) . Elution was performed with a gradient 
of water (120ml) to 0.1 M-NH 4 HC02 <240mi), then 0.2,0.3 and 4M 
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aHQO 2 (12 3, 240, 4 00ml respect iveiv) . Aocrcoriat- 

• - ■ - *- a c^ior.s were 
cornered and ccncen::a;ed. The residual solution was d^n* m ■ 

v ***Ui.ea with 

water (40ml) and freeie-cr^ec give the title product as a „ hi - e 
solid (i.37 S ,.. Xmax ,?H3 buffer), 271.0™ ( E * % . cml 90 ) . l' ^ 

<O20U3 - 23 3 - «.0-4.2(2H,. 5.43,13,. 6 . 07 (1H) ' 

5 • 23 (IH) ,3.08 (IH) . 



l " J ' 2R ' " s) ^2-hvdrcxvmethvl-l, 3-oxathiolan-Sy n - 

flH)- 0 vgi.nicir.-2-cP.e and < 2S . sis ) -4-Amino-l- ( 2 -hydroxy^ >m,i 
3-oxath islan-5-yl) - m.h> -ovrirr.idir.-2 -one 

-Nucleotidase (iron crotaius atrox venom) (EC 3.1.3.5] (60 mg 
a-. 17 units/mg) was added to a solution o f ( ±) -c is -4 -amino - (2 - 
hydroxymethyi-l, 3 -oxa t hioian- 5-y 1 ] - ( IH ) -pyr imidin-2-one , 6'- 
dihydrogenphosphate, ammonium salt (1.35g) in buffer (30ml, 
prepared from glycine (526mg) and magnesium chloride (190mgj in 
water (100ml)] and the mixture was incubated at 37° for 2.5h. More 
enzyme (20mg) was added, and incubation was continued for a further 
3-5h. The resulting mixture was applied to a column of DEAE 
Sephadex A-25 {HC0 3 -f orm) . Elution was performed with water (160ml), 
then 0.1. 0.2, 0.3 and 0 . 4M NH 4 HC0 3 (200ml each). Appropriate 
fractions containing the first eluted component were combined and 
evaporated, the residue was subjected to column chromatography on 
silica (60g, Merck 7734), elated with chlorof orm-methanol mixtures. 
Evaporation of the appropriate fractions from methanol-ethyl acetate 
gave (2R, Cis) -4-amino-l- (2-hydroxymethyl-l, 3-oxathiolan-5-yl) - ( IH) - 
pyrimidin-2-one as a white solid <0.30g>- [ar]D 2l + 137<> (c .1.04 MeOH) ; 
X H NMR <DMSO)« 3.04 (IH), 3.40 (IH), 3.73 (2H), 5.18 (1H>, 5.29 
(IH), 5.73 (IH), 6.21 (IH) , 7.19 (2H)', 7.81 (IH) . 

Appropriate fractions from the Sephadex column, containing the 
second eluted component, were combined and evaporated. The residue 
was dissolved in water (30ml), treated with alkaline phosphatase 
(from Escherichia colli (EC 3.1.3.1) (1.5ml at 416units/ml) , then 
incubated at 37° for one hour. Solvent was removed by evaporation 
and the residue was subjected to column chromatography on silica 
<60g, Merck 7734), eluted with' chlorof orm-methanol mixtures. 
Evaporation of the appropriate fractions from methanol-ethyl acetate 
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;aVe s)-4-a*ir: o-i-(Z-nya:oxy^e:,vi-i ( :-oxa^ i oian-- vM , . , , 

pyn.T. — ir.-2-one as a white sciid (0.32g); E a ) D 2 - - i 3 2 0 { c , Qg 
MeOH);*H NMR (DMSO) 5 3.04 (1H), 3.40 (1H), 3.73 (2H) = 
= .25 CH), !.73 UK), 5.21 UH) , 7.;= ( 2H) , 7.31 (IK). 



Exanole 4 

i -c is -4 -Amino- i - f 2 -hydro 
cvr imidir.-2 -one 



xvmetr.vl-l, 3 -o xa r h i 0 i a n - * - v i 1 . f1 u> 



(i» Three 50ml flasks of nutrient broth (Oxoid ltd) were 
inoculated with a ioopfui each cf Escherichia coii (ATCC 2 33 4 8 ) 
scraped from a Nutrient Agar plate. The flasks were incubated 
overnight at 37°c with shaking at 250 rev/min and then each flask 
was used to mnocuiate 41 of CDO medium (glutamic acid, 3g/i; MgS0 4 , 
C2g/1: K 2 S0 4 , 2.5g/l; NaCl, 2.3g/i, Na 2 HPO 4 2H 2 0 , i.lg/1, 
NaH 2? o 4 2H 2 0 0.6g/l cytidine, i.2g/l) in a seven litre fermente/. 
The cultures were fermented at 750 rev/min, 37<>C with aeration at 
41/min. After growth for 24hrs the cells were collected by 
centrifugation (SOOOg, 30 minutes) to yield 72g wet weight. The 
cell pellet was resuspended in 300ml of 20mM Tris HCl' buffer (pH 
7.5) and disrupted by sonication (4 x 45 seconds). The cell debris 
was removed by centrifugation (30,000 g, 30 minutes) and the protein 
in the supernatant was precipitated by addition of ammonium sulphate 
to 7=1 saturation. The precipitate was collected by centrifugation 
C30,Q00g. 30 minutes) and the pellet was resuspended in 25ml of 
HEPS5 buffer UOOmM, pH 7.0) containing ammonium sulphate (75% 
saturation). Enzyme solution was prepared by centrifugation at 
12,000 rpm for 30 mins . The supernatant was discarded and the 
pellet dissolved in Tris KCi buffer (pH 7.0; lOOmM) to the original 
volume . 

(ii) The product of Example 1 (115mg was dissolved in water (lOOml) , 
and stirred. Enzyme solution (0.5ml) was added, and the mixture was 
maintained at a constant pH by the continual addition of HCl (25mM) . 
The conversion was monitored by chiral HPLC, which showed that the 
(-> enanticmer of the substrate was preferentially deaminated. 
After 22hr tne {*> enantiomer of the substrate (RT 12.5min) had been 
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— =-e-eiy removed, ar.d -_r.e sc:u:::n was ac;u S :ea := oiS . . 

ad*-* * - * w . ; 2v z he 

ac ' " 10n cf cone, sodium nydrcxice. 



".e sc 



oluticn produced doove was eiu'ed -'--ougn a c-' 

I"" 10 " 8 ! ;° mi) ■ by reverse, phase H? ' LC 

rr.csisr., =-13, contain-.,, -.he unreacced (-. enantiomer ,f -_he 
suostzate. were combined ar.o adjusted -.3 pH 7 . 5 with HCI. 
: --action 47, containing deamir.atec product, was adjusted to p H 7 = 
Wi5h Na ° H - AnalySiS b -' H?LC snowed chat this ^ sit [ 

-as a au-.un, consists? 0: one enanticmer (RT 10.2r.i,, as -he 

m * 3 ° r CSaP ° n ' ne " iSh th « — CM 8.5«i», as a „ inos 

component {e.e ca 901). 

S:age (ii, above was repeated on a larger scale The 
compound of Example 1 (3 63.,, in 250ml or water was incubated with 
enzyme solution (O.Sml), prepared as in Stage «i, . further aliguots 
<0.5ml. of enzyme were added after 13 and 47 hrs. The reaction 
mixture was stirred for 70hr., then left standing for a further 
«4hr. Analysis by chiral hole indicated that the «*, enantiomer of 
che substrate had been completely de.minated, and the resulting 
solution was adjusted to pH10.5 with NaOH. 

The solution above was loaded onto the same QAE column, and 
exuted as in stage (i, . Tractions 2-6, containing a mixture of the 
residual substrate and deaminated product, were bulked. Fractions 
-13, containing the residual substrate ( (-) enantiomer) , were 
bulked and adjusted to P H7. S . fractions 25-26, containing 
oeaminaced product, were bulked and neutralised 

Fractions 2-5 above were re-eiuted through the same QA£ column, 
--ractions 3-11 f r0 m this second column contained unrected substrate 
(■(-) enantiomer). reaction. 70 contained che deaminated product. 

(iv) The resolved substrate fractions from stage (ii) and (iii) were 
combined and adjusted to pH7.5. This solution was eluted through a 
column of XAD-16 (40x2.4cm), packed in water. The column was washed 
with water, and then eluted with acetone: water (1:4 v/v). 
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- reeze 



" d " ec co * iV « a white powder C30mc). " 



"^e KPLC met nods usee 



Omg) 

above were a 5 follows 



Reversed ?!~. 



ase analytical HPLC 



Col urrji 



iluanc 
Flow 

Detection 
detention Tines 



Capital cartridge 
Spherisoro CDS -2 ( 5uM) 
150x4 . 6mm 

Ammonium dihydrogen pnosphat 

5% MeCM 

1 . 5mi/min 

UV, 270nm 

3CH 13 9 S.=mir. 

deaminated BCH -189 8 . Imin 



s (SOmM) ■ 



Chirai analytical HPLC 



Column 



Eluant 
Flow 

Detection 
Retention Tines 



Cyclobond I Acetyl 
250x4 .6mm 

0-2% Triethylammonium acetate (pH7.2) 
1 . 0ml /min 
UV, 270nm 

9CH 189 11.0 and 12.5min 

deaminated BCH-139 8.5 and 10.2 min 
(The byconversion «a S followed by monitoring the lo SS of the oeaic 
at i2.5nu.n., and accumulated of product at 10.2min). 

Example 5 

'->-=i»-«-ftmlno-l-(7- h y >1roxvn . Ehvl ., , . ox . efttn ,. H ., M 

ovrimidin-2-one ' ' ' " 

A loopful of a. can 8 cells (ATCC 328<8) scraped £roB a 
arown nutrient agar plate was U3 ed to inoculate two Florence fla Sks 
each containing 250ml 0 f nutrient broth. The culture wa, incited 
at 37 with snaJcing (250 rev/m . n( 5cffl throw) £o __ ^ houcj Thij ^ 

then used to inoculate 40L oi CDD-amdium. with cytidine. in a 70L 

ferment e r . 
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Three 



^-s.":or. impellers we: 



speed a- d temperature o = 3 70 Ci 



-ermen:aticr. 



" h0UrS bef0 -- e using . Sh4S0l 

e8atr "^- ~« <»«• net w. i9Rt , w „ f .; ie , 

-~ - ---or .0 ce:. ire ax ace . 



e 
es 



t2C Med 1u.t\ 



5/L 

--Giucami; acid 3 
MgS0 4 02 
K : SO- 2 _ 5 

2.3 
0.6 



Na : H?0 4 
NaH->?0* 



Made wu h distilled water. SteriUsed at l2i°c for 30 minutes 
Cyt.dine (i. 2 g/L) was filter sterilised and added prior to 



inoculation . 



The frozen cell paste (150,) was thawed and suspended in 750ml 
of lOOmM Hepes <N-(2-hydxoxyethyl]pi P erazine- N - - ( 2-ethane sulphonic 
acid]) buffer (p a 7.5) containing imM ethylenediaminetetraacetic 
acid (sodium salt) and ImM dithiothreitol (disruption buffer). The 
cells were disrupted by passing the suspension through a Manton- 
Gaulin homogeniser operating at 7500psi. This was carried out three 
times with cooling of the suspension to approximately 5°C after each 
pass through the homogeniser. The honogenate was clarified by 
centrifugation (1400g; SOmin) . The cytidine de.minease activity was 
adsorbed onto a Q-Sepr.arose column (490mg bed volume) pre- 
equilibcated with 50m« Tris (hydroxymethyl) methylamine (pH 7.5, 
containing 1« sodium chloride. The pooled active fractions ClQml) 
were added onto a phenyi-sepharose column M90ml bed volume), pre- 
eouilibrated with the sample buffer containing 3 . 2m ammonium 
sulpnate. The bound enzyme was eiuted by a gradient of decreasing 
ammonium sulphate concentration. Tractions containing the cytidine 



SUBSTITUTE SHEET 



zeanunase activity were pooled (39Smi, anQ the partialis =u .---. e * 
enzvne was theB preci?i - 3Leci wi , h 6Q% anTOOnium 

cenc=ifu„ tion (l 400g; cOmir.) t.,. s.ii.- was -.suspended Ste T 0 j 

supernatant from the above and s;crec ac 4°c. 

S-^nH of s v is soiu-.ion was centrifugec <13000g, 30 mi.-., aid -v, 
pellet was dissolved in 2 4mi of 0.5m potassium phosphate buffer (sH 
-.5) . The suspension was diaiysed overnight against l.M potass^ 
pnosphate buffer , P H 7.5,. The retentate (20ml, was then dieted 
««h aa equal volume of distilled water. To 35ml of this solution 
dry Eupergxt C beads were added (Ig, an d the mxxture was allowed to 
stand at room temperature 150-300 hours (determined by measuring 
residual cytidine deaminase activity in solution, . The irnnobilised 
enzvme was washed with lOOmM Tris/HCi buffer (pH 7.0, contain, i«m 
IOTA. i»M DTT, O.SM NaCi and 500ppm p-hydrcxybenzoic acid ethvl 
ester (storage buffer,. The immobilised enzyme (2.7, wet weight, 
-as stored in this buffer at 4°C until required for 
biotransformation . 

The product of Example 1 (3g) was dissolved in 500ml of 
distilled water in a magnetically stirred 1L flask. The 
byconversion was carried out at 32°C in a pH-stat. The pH was 
maintained constant at 7 . 0 by addition of 1M acetic acid. Ig wet 
weight of the immobilised enzyme beads was washed with distilled 
water prior to start of the reaction. The conversion was monitored 
by chiral-HPLC which showed that the < + > ' enantiomer of the substrate 
was preferentially deaminated. At the end of the reaction (72h) the 
enzvme beads. were filtered off and the filtrate was used for 
isolation of the desired <-) -enantiomer . 

The pH of the reaction mixture was adjusted to pH 10.5 using 
ammonia solution (1M) and the solution applied to Duolite AU3 super 
resin in the OH cycle (50ml; 0.4 bed volumes per hour). The uridine 
analogue adsorbed to the resin and the < -» -enant iomer passed 
straight through. Any <-> -enantiomer still on the resin was removed 
by washing wich 0.04% ammonia solution (2 bed volumes; flow rate 0.8 
bed volumes /hour) . 

The pH of the spent solutions and washes (600ml) was adjusted 
to pH 7.0 with concentrated sulphuric acid and the solution applied 
to XAD16 resin (50ml; flow rate 1.4 bed volumes per hour). The 
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column was washed wi-r. distilled water C.5 bea volumes, - ate - 

oed voices per hour) and the ( - ) - e n a r. - i o me r eiuted wi .u 
ace-.one: water 1:3 (flow rate 1.3 bed volumes per hour). 

The bulk (-) -enanticmer containing fraction (4 bed volumes) was 
concentrated on a Buchi evaporator to a small volume oefcre 
filtration -rough a No. 3 glass sinter. The filtered solution was 
freeze cried to yield 1.2? of title product identical to that 
obtained in Example 4. 

Example 6 

Tablet ■ crmulat ior.a 

A. The following formulation is prepared by wet granulation of tne 
ingredients with a solution of providone in water, drying and 
screening, followed by addition of magnesium stearate and 
compression. 





mg/tablet 


(a) Active ingredient 


250 


(b) Lactose S.P. 


210 


(c) Providone B.P. 


15 


(d) Sodium Starch Glycollate 


20 


(e) Magnesium Stearate 


5 




500 



3. The following formulation is prepared by direct compression; 
the lactose is of the direct compression type. 
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1 



mg/ tablet 



Active Ingredient 2 50 

Lactose i4< 

Avicei ;3Q 
Magnesium Stearate 



500 



C (Controlled Release Formulation). The formulation is prepared 
by wet granulation of tne ingredients (below) with a soiution of 
providone in water, drying and screening followed by the addition of 
magnesium stearate and compression. 





mg/tablet 


(a) 


Active ingredient 


500 


(b> 


Hydroxypropyiemethylceliulose 






(Methocel K4M Premium) 


112 


(c) 


Lactose a. P. 


53 


(d) 


Providone 3.?. 


28 


(e) 


Magnesium Stearate 


7 






700 



Example T 

Caosule Forroularior. 

A capsule formulation is prepared by admixing the ingredients 
beiow and filling into a two-part hard gelatin capsule. 
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xg/ capsule 


Active ingredient 


125 


Lac- :se 


72.5 


Avicel 


- n 

- j 


Magnesium S tea rate 






250 



Example 3 

Injectable formulation 

Active ingredient C.2 0Cg 

Sodium hydroxide solution, 0 . 1M q . s . to a pH or about ll. 
Sterile water q.s. tc 10ml 

The active ingredient is suspended in some of the water (which 
may be warmed) and the pH adjusted to about 11 with a solution of 
sodium hydroxide. The batch is then made up to volume and filtered 
through a sterilizing grade membrane filter into a sterile 10ml 
glass vial and sealed with sterile closures and overseals. 

Example ? 





mg/ suppository 


Active ingredient 


250 


Hard Fat, 3.?. 


1770 




2020 



i-fifth of tne hari fat is melted in a steam- jacketed pan at 
:imum. The active ingredient is sifted through a 200um sieve 
ed to che molten base with mixing, using a high shear 
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. e-s--.. _ s acr.ievea. Mai Rt4 

...ix-.-,r. « che remaining S . s is 4dded „ . - 

a -c " e susoensicr 

"" " • aSU " a ft0 "°9 enc " .ntir. suso,.;^. t 

PMS,C Shr0U5h 4 250um »«ir.ie„ «eei screen and, """" *" 

c, _ £ ai.owea to cool no 4G J C a- * r« 

* temperature -flC~ . 
- ..0<:c c = ;r.e mixture is fi;iec , u ^ ah . 

-oiss . The suppositories are avowee - 

"°"' ec - w C00J - to room temperature. 



e 



Ixamoie 10 
3i.oiocical Ac:ivi-v 
viral Active t v 



ceter^ned aca.nst s: , ree «„ iM 0 , ^ ^ ^ ^ ^ ^ 

*"a roiiowmc ceil lines. 

™ ceils, a semi-mature T-c.il iine derived from a oacient 
-ymphcblastic leukemia, infected with HIV-1 , t „ in GB8 . 

C816S ceils,' a human T-.ymphoblastoid cell Une> ^ 

niv-i strain RF. 



cells, a human T-cell leukemia cell li„ e . infected vith 
Hiv-i strain RF. 



CEM cells, a human T-lymphoblastoid cell li ne , in£ected „ ith 
■'• iV '' 3 -- air ' s and U455, or HIV-2 strain ROD. 

Antiviral activities in CS166, j M . and CEM cells were 
cetermined by inhibition of syncytium formation (Toehifcura et al 
Virology, 164, 542 - 546) and in M7 . 4 ^ &y inhibiLion q£ 

conversion ,Baba et_al; (l 987, Siochem Siophys Re , Com^un..' M2. 
128-134.- Mossman ( 1983 ) J.Immun M.eh; S5 . S7) . Anelv<rtl 

activities were also determined by analysing the amount of HIV o2 < 
-.tigen synthesised in the presence and absence of enantiomers. 
The results are shown in Tables 1 and 2 below :- 
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zQS Antiviral Activity ( uc/ml) 


Assay- 


F omazar. 


in: 


Ubition c: syncytium formation 


Calls 


MT-4 


CEM 


CE1M 


CEM 


JM 


C8166 


Virus (HIV-l) 


HIV-i RF 


HIV-2 ROD 


HIV-l RF 


HIV-i U4 55 


KIV-1G38 


HIV-l Rf 


( -) -enantiomer 


0 .28 


0 .045 


0 .07 


0 .006 


0.03 


0.05 


( -) -enantiomer 


0 .20 


0.055 


0.04 


0 .008 


0.05 


0.01 



Table 2 

Inhibition of HIV p24 Synthesis 



50% Inhibition HIV p24 Synthesis <ug/ml> 


Cells 


C916S 


JM 


MT-4 


Virus 


RF 


GB8 


RF 


{+) -enantiomer 


0.021 


0.033 


0.0008 


( -) -enantiomer 


0.016. 


0.016 


0.0004 
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1 . (') -£is---ijaino-i-{2-hycroxymechyi-l . 3-oxathiolane-5-vi ) • -j\ 
pyri.-idin-2-one or a pha rmaceuticaiiy acceptable derivative thereof 

2. A compound as claimed in Claim . sue s t ant ia iiy free of c.ie 
corresponding (+) -enantiomer . 

3. A compound as claimed in Claim 1 or Claim 2 wherein the (+)- 
enantiomer is present in an amount of no more than about 5% w/w. 

~. . A compound as claimed in any one or Claims 1 to 3 wherein the 
\ * ) -enant iomer is present in an amount oc* no more than about 2\ w/u. 

5. A compound as claimed in any one of Claims 1 to 4 wherein the 
(-) -enant iomer is present in an amount of less than about 1% w/w. 

5. A compound as claimed in Claim I in substantially pure form. 

"7. A pharmaceutical composition comprising a compound as claimed 
in any one of Claims 1 to 6 together with a pharmaceutical^ 
acceptable carrier therefor. 

9. A compound as claimed in any one of Claims 1 to 6 for use in 
therapy. 

9. Use of a compound as claimed in any one of Claims I to 6 for 
tne manufacture of a medicament for the treatment of a viral 
infection.' 

10. A method for the treatment of a, mammal, including man, 
suffering from or susceptible to viral infection comprising 
administration of an effective amount of a compound as claimed in 
any one of Claims 1 to 6. 
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The cyt otcxicites zz the compounds c: example 2, the racemic 
compound (9CH-IB9; Example 1) and a 50/50 mixture of the two 
enar.ticmers were determined in five C04 cell lines: H9, JM, CEM, 
C816S and U937 . 

Compounds for test were serially diluted from i00ng/mi to 
0.3|ig/ml (final concentrations) in 96 well microtitre plates. 
j-SxlO** ceils were inoculated into each well cf the plates including 
drug-free controls. After incubation at 3*7 g C for 5 days, the viable 
ceil count was determined by removing a sample of cell suspension 
and counting trypan blue excluding ceils in a haemocytometer . 

The results are shown in Table 3. 

Table 3 

Cytotoxicity 





50% Cytoxicity {\xq/ml) 


Compound 


CELM cells 


JM cells 


H9 cells 


U937 cells 


C8166 cells 


(+) -enantiomer 


1 


1.5 


2 


4 


35 


(-) -enantiomer 


>100 


30 


>100 


>100 


>100 


BCH-189 


3 


3.5 


3 


15 


90 


1:1 Mix of 


2.5 


ND* 


ND 


ND 


ND 



ND « Not Determined 
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11. A method for the preparation of a compound as claimed in anv 
one of Claims 1 to 6 which comprises separation of the [•) - 
enantiomer from a mixture also containing the { + ) ~?nantiomer . 

12. A method as claimed in Claim 11 wherein the mixture of 
compounds is a racemic mixture. 

13. A method as claimed in Claim 11 or Claim 12 the separation is 
effected by chiral HPLC. 

14. A method as claimed in Claim 13 wherein the HPLC employs as a 
stationary phase acetylated 0-cyclodextrin or cellulose triacetate. 

15. A method as claimed in Claim 11 or Claim 12 wherein the 
separation is effected by enz yme -media t ed enant ioselective 
catabolism. 

16. A method is claimed in Claim 15 wherein the enzyme is employed 
in immobilised form. 

17. A method as claimed in Claim IS or Claim 16 wherein the enzyme 
is cytidine deaminase. 

13. A method as claimed in Claim 15 or Claim 16 wherein the enzyme 
is a 5' -nucleotidase . 
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